wo 2012/@3134 A3 I 0K 00 OO O A0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

AP0
1

. I N AMLgEs (20) International Publication Number
(43) International Publication Date LD/ 2/
5 January 2012 (05.01.2012) PCT WO 2012/003134 A3
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
GO5B 13/04 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
ol licati ber- HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR, KZ, LA, LG, LK, LR, LS, LT, LU, LY, MA, MD,
PCT/US201 1/041723 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
24 June 201 1 (24.06.201 1) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English ) o
o ] (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind d regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
12/829,523 2 July 2010 (02.07.2010) us ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
_ TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant (for all designated States except US): WOOD- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, rr, LT, LU,
WARD HRT, INC. [USUS]; 25200 W. Rye Canyon LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Road, Santa Clarita, California 91355 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

(72) Inventor; and GW, ML, MR, NE, SN, TD, TG).

(75) Inventor/Applicant (for US only): PARK, Austin Published:

[USIUS]; 2817 N. Buena Vista St., Burbank, California —  with international search report (Art. 21(3))

91504 (US).
) . — before the expiration d the time limit for amending the
(74) Agent: THOMPSON, James, F.; Bainwood, Huang & claims and to be republished in the event d receipt d
Associates, LLC, 2 Connector Road, Westborough, Mas- amendments (Rule 48.2(h))

sachusetts 01581 (US).

88) Date of publication of the international search report:
(81) Designated States (unless otherwise indicated, for every &3 P 16 Februare; 2012

kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: CONTROLLER FOR ACTUATION SYSTEM EMPLOYING KALMAN ESTIMATOR INCORPORATING EFFECT
OF SYSTEM STRUCTURAL STIFFNESS

! |
POS| !
CMD1 SUM 28 I

| < RND, ||

—> SUM30 |_|3|\ng u GAN  LPwWM

1 = 34 |

| FWD CKTRY 22 J

[Tmmmmmmes e S o i

: [ |

| FBCKTRY 24 INT 46 DIF 44 !

! [ |

! |

! |

! |

! |

|

! |

|

! MEM 36 |¢— |

! |

! |

FB ! - |

! LQR KALMAN % P | I

! 42 ESTIMATOR 40 | By

i | ‘

! |

- i

P .
14 Flg 4

(57) Abstract: A controller (14) for an electro-mechanical actuation system such as amissile fin (12) actuator includes a Kalman
estimator circuit (40) which generates an estimate of operating state including position and velocity of motor (16), position and
velocity of aposition-controlled element (PCE) (10), and motor current. The estimate is generated based on a dynamic model ex-
plicitly including the effect of structural stiffness and damping in the coupling between the motor (16) and the PCE (10), for ex-
ample by treating it as amechanical oscillator having spring and damping constants. The Kalman estimator (40) operates on amo-
tor drive control signal and ameasured position signal which may be from a Hall sensor sensing motor position. A linear quadratic
regulator circuit (42) generates acontrol effort signal by applying a state feedback gain matrix to a state vector. The state feedback
gain matrix mimmizes a quadratic cost function representing variance of the control effort signal and/or the measured position sig-
nal.
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